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1
DISK APPARATUS

BACKGROUND OF THE INVENTION

The present invention relates to a video disk apparatus for
writing/reading digital continuous data and specifically,
digital video data and, more particularly, to a disk apparatus
having the function of time-divisionally and alternately
writing and reading digital video images on a plurality of
channels.

A video disk apparatus for writing/reading digital video
data on/from a storage medium such as an optical disk by
using a digital video compression technique represented by
MPEG 1s under development.

According to a conventional video disk apparatus using
an opftical disk, the digital video data compressed by an
MPEG encoder serving as a digital video compressor or
digital video data transmitted from a broadcast station, a
CATV (cable TV), or the like is temporarily stored in a
buifer memory at a predetermined bit rate. This buifer
memory 1s used for adjusting the difference between the bit
rate of input digital video data (the number of bits trans-
mitted per second) and the write/read speed of an optical
disk (the number of bits which can be written/read per
second). In general, the bit rate of input digital video data is
lower than the write/read speed of the optical disk.

Digital video data 1s written 1n the optical disk as follows.
The digital video data 1s read out from the buifer memory at
the write speed of the optical disk first. The data 1s then
modulated into a signal suited for a write by a modulator/
demodulator section. The signal 1s input to the optical head.
The digital video data 1s written 1n the optical disk by this
optical head.

Digital video data 1s read from the optical disk as follows.
The optical head 1s moved to a radial position, on the optical
disk, 1n which the digital video data of a desired video image
1s written. The digital video data 1s then read from the optical
disk by the optical head. The read digital video data under-
goes demodulation which is a reverse process to that 1n the
write operation. The resultant data 1s mput to the buifer
memory. The data 1s sent from this bufler memory to an
MPEG decoder serving as a digital video decompressor at
the bit rate of the digital video data to be decompressed. The
decompressed video data 1s input to a monitor to be dis-

played as a video image.

As, for example, the number of channels to be distributed
increases, demands have arisen for the use of such a video
disk apparatus, as one of usage patterns, in writing video
images on a plurality of channels in the same time zone. The
above conventional video disk apparatus, however, can
write only one-channel digital video data at once. To write
digital video data on a plurality of channels at once, a
plurality of video disk apparatuses must be prepared. As a
result, the user must bear a high cost and ensure an 1nstal-
lation space.

Analog video recording/reproduction apparatuses capable
of writing two-channel video 1images at once are commer-
cially available. In such a conventional analog video
recording/reproduction apparatus, however, the recording
band per video 1mage must be reduced, and hence a dete-
rioration 1n 1mage quality 1s inevitable.

As described above, according to the conventional
techniques, a plurality of video disk apparatuses must be
prepared to write video,images on a plurality of. channels in
the same time zone. As a result, the user must bear a high
cost and ensure a large installation space. When two-channel
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2

video 1mages are to be written at once by an analog video
recording/reproduction apparatus, since the recording band
per video 1mage 1s reduced, the 1image quality deteriorates.

BRIEF SUMMARY OF THE INVENTION

It 1s an object of the present invention to provide a single
disk apparatus which can simultaneously write digital video
data such as digital video 1mages on a plurality of channels
without any deterioration 1in 1mage quality.

According to the present invention, there is provided a
disk apparatus for alternately and time-divisionally writing
digital video data on a plurality of channels 1n a plurality of
recording arcas at different radial positions on a disk-like
recording medium such as an optical disk through a butfer
memory by using the difference between the write speed of
the recording medium and the bit rate of continuous data
such as digital video data.

According to the present invention, there 1s provided a
disk apparatus comprising a head unit for writing digital
continuous data on a disk-like recording medium, a buifer
memory for temporarily storing a plurality of mput digital
continuous data, and a control section for performing control
to time-divisionally write the plurality of digital continuous
data 1n a plurality of different recording areas at different
radial positions on the recording medium, wherein the
control section writes, while one type of data of the digital
confinuous data 1s written and the head unit 1s accessing
between the recording areas, another type of mput data of
the digital continuous data in the buffer memory, writes, in
the butfer memory, one type of data of the digital continuous
data 1input while another type of data of the digital continu-
ous data 1s written and the head unit 1s accessing between the
recording areas, reads out digital continuous data from the
buffer memory and writes the data 1n a corresponding one of
the recording areas at a write speed not less than two times
an average bit rate of the input digital continuous data while
another type of data of the digital continuous data 1s written,
and reads out digital continuous data from the buffer
memory at a write speed not less than two times an average
bit rate of the mput digital continuous data and writes the
data 1n a corresponding one of the recording arcas while one
type of data of the digital continuous data 1s written 1n the
recording area.

According to the present invention, a video disk apparatus
for writing/reading digital continuous data such as digital
video data on/from a disk-like recording medium by using a
write/read head includes first and second buifer memories
for temporarily storing first and second mnput digital con-
tinuous data, respectively, and a control section for time-
divisionally and alternately writing the first and second
digital continuous data 1n first and second recording areas at
different radial positions on the recording medium, respec-
fively.

In this case, the control section performs the following
control:

(a) writing, in the first buffer memory, the first digital
continuous data which 1s input while the second digital
continuous data 1s written and the write/read head 1s
accessing between the first and second recording areas;

(b) writing, in the second buffer memory, the second
digital continuous data which i1s mput while the first
digital continuous data 1s written and the write/read
head 1s accessing between the first and second record-
Ing areas;

(c) reading out, in writing the first digital continuous data,
the digital continuous data stored in the first buifer
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memory at a write speed two times or more the average
bit rate of the first mput digital continuous data, and
writing the data i1n the first recording area; and

(d) reading out, in writing the second digital continuous
data, the digital continuous data stored in the second
buffer memory at a write speed two times or more the
average bit rate of the second imput digital continuous
data, and writing the data in the second recording area.

The write speed for the first digital continuous data 1s set
to (T1+T2+25)* A/T1 bps or more, and the write speed for
the second digital continuous data is set to (T1+12+2S)*A/
12 bps or more when the average write time per write of the
first digital continuous data 1s T1 sec in time-divisionally
and alternately writing the first and second digital continu-
ous data 1n the first and second recording areas, the average
write time per write of the second digital continuous data 1s
T2 sec, the maximum access time (a time obtained by adding
the time required for one revolution of the recording
medium to the seek time required for the head unit to move
from the mnnermost circumference to the outermost circum-
ference of the recording medium) is S sec, and the average
bit rate of the first and second nput digital continuous data
1s A bps.

According to the video disk apparatus having the above
arrangement according to the present invention, this single
apparatus can simultaneously write digital continuous data
on a plurality of channels without any deterioration 1in image
quality. The reason will be described below.

Assume that the average bit rate of digital continuous data
is A bps, and the maximum access time (the time obtained
by adding the time required for one revolution of the
recording medium to the time required for the write/read
head to move from the i1nnermost circumierence to the
outermost circumference of the recording medium) is S sec.
In this case, to simultaneously write the first and second
digital continuous data in the first and second recording
arcas at different radial positions by using the single write/
read head, the data must be written 1n the recording medium
time-divisionally at a speed higher than the average bit rate
ol the two-channel digital continuous data. More
specifically, the first and second digital continuous data are
respectively written 1n the first and second recording areas in
different time 1ntervals. To process these two-channel digital
continuous data at the average bit rate A (bps), therefore, the
write/read speed of the recording medium must be at least
2*A bps or more.

In addition, since the single write/read head 1s used, and
the first and second recording arecas are located at different
radial positions on the recording medium, there 1s an access
fime between the first and second recording areas in switch-
ing the first and second digital continuous data. Assume that
two-channel digital continuous data are to be simultaneously
written by repeating the following time-divisional sequence:
“write of first digital continuous data 1n T1-sec
interval”—*“access from first recording area to second
recording area 1n S-sec interval”—“write of second digital
continuous data in T2-sec 1nterval”—*“access from second
recording area to first recording area 1n S-sec interval”. In
this case, two accesses are performed between the recording
arcas 1n one cycle of this time-divisional sequence.

Since the first digital continuous data input in a (T1+T2+
2S)-sec interval is written in a T1-sec interval, the write
speed of the recording medium becomes (T1+1242S)*A/T1
bps or more. Stmilarly, when the second digital continuous
data 1s to be written, the write speed of the recording
medium becomes (T1+T2+2S)*A/T2 bps or more. When

T1=T2, the write speed of the recording medium becomes
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4

(2+2S/T1)*A bps or more. In this case, 25/T1*A bps cor-
respond to the write speed increase required for two
aCCESSES.

The required buifer memory capacities will be described
next. The capacity required for the first buffer memory 1s
obtained by multiplying the sum of two times the access
time (the time required for the write/read head to reciprocate
between the first recording area and second recording area)
and an average write time T2 for the second digital con-
tinuous data by the average transfer rate of digital continu-
ous data. That is, the required capacity 1s (2S +12)* A bits or
more. Similarly, the capacity required for the second buifer
memory 1s obtained by multiplying the sum of two times the
access time (the time required for the write/read head to
reciprocate between the second recording area and the first
recording area) and an average write time T1 for the first
digital continuous data by the average transfer rate of digital
continuous data. That is, the required capacity 1s (2S+T1)*A
bits or more. The total capacity required for the first and
second buffer memories is (4S+T1+T2)*A bits or more.

Assume that these conditions for the write speed of the
recording medium and the buffer memory capacities are
satisfied. In this case, when the first digital continuous data
1s to be written, the first input digital continuous data to be
written 1s stored in the first buffer memory while the
write/read head 1s moved from the first recording area to the
second recording area to make access thereto 1n S sec to
write the second digital continuous data for an average write
time of T2 sec, and the write/read head 1s moved, 1n S sec,
from the second recording area to a radial position of the first
recording area, 1n which data 1s to be continuously written.
In the next average T1-sec interval, the first digital continu-
ous data 1s read out from the first buffer memory and written
in the first recording area.

Similarly, when the second digital continuous data is to be
written, the second imput digital continuous data to be
written 1s stored i1n the second buffer memory while the
write/read head 1s moved from the second recording area to
the first recording area to make access thereto 1mn S sec to
write the first digital continuous data for an average write
time of T1 sec, and the write/read head 1s moved, 1n S sec,
from the first recording area to a radial position of the second
recording area, 1n which data 1s to be continuously written.
In the next average T2-sec interval, the second digital
continuous data 1s read out from the second buffer memory
and written 1n the second recording area.

By repeating these operations, the first and second digital
continuous data can be simultancously written in the first
and second recording areas, respectively, by using the single
write/read head.

When two-channel video 1mages are to be simultaneously
recorded by using the conventional analog video recording/
reproduction apparatus, the recording band per video image
must be reduced. In contrast to this, according to the present
invention, since digital continuous data on a plurality of
channels are recorded in different recording areas on a
recording medium, the recording band need not be reduced.
Theretfore, no deterioration in the quality of continuous data
OCCUTS.

Assume that when a seek failure occurs, a seek 1s to be
retried. In this case, 1t suflices 1f the write speeds for the first
and second digital continuous data are respectively set to
(T1+4T2+2*S (N+1))*A/T1 bps or more and (T1+T2+2*S
(N+1))*A/T2 bps or more, and the total storage capacity of
the first and second buffer memories is set to (4*S*(N+1)+
T1+4T2)* A bits or more when the average write time per
write of the first digital continuous data 1n time-divisionally

™
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and alternately writing the first and second digital continu-
ous data 1n the first and second recording areas 1s T1 sec, the
average read time per read of the second digital continuous
data 1s 12 sec, the maximum access time for the recording
medium (the time obtained by adding the time required for
one revolution of the recording medium to the seek time
required for the write/read head to move from the innermost
circumference to the outermost circumiference of the record-

ing medium) is S sec, the average bit rate of the first and
second digital continuous data 1s A bps, and the maximum
number of retries upon occurrence of a seek failure 1s N.

In addition, the display screen of the display unit 1s
divided to simultaneously display an 1mage based on the first
digital continuous data written 1n the first recording area and
an 1mage based on the second digital continuous data written
in the second recording area, thereby allowing the user to
simultaneously check the two-channel digital continuous
data.

According to the present invention, there 1s provided a
disk apparatus for alternately and time-divisionally reading
digital video data on a plurality of channels from a plurality
of reproduction arecas at different radial positions on a
disk-like recording medium such as an optical disk through
a bulffer memory by using the difference between the read
speed of the recording medium and the bit rate of input
digital video data.

According to the present invention, a video disk apparatus
for writing/reading digital video data on/from a disk-like
recording medium by using a write/read head includes first
and second buifer memories for temporarily storing first and
second digital video data read from first and second record-
ing arecas at different radial positions on the recording
medium and a control section for time-divisionally and
alternately reading the first and second digital video data.

In this case, the control section performs the following
control:

(a) reading the first digital video data to be read, in
advance, from the first recording arca at a read speed
two times or more the average bit rate of the first digital
video data and writing the data in the first buifer
memory while the second digital video data 1s read and
the write/read head 1s accessing between the first and
second recording areas.

(b) reading the second digital video data to be read, in
advance, from the second recording area at a read speed
two times or more the average bit rate of the second
digital video data and writing the data in the second
buffer memory while the first digital video data 1s read
and the write/read head 1s accessing between the first
and second recording areas.

(¢) reading out, in reading the first digital video data, the
digital video data stored in the first buffer memory at
the bit rate of the first digital video data; and

(d) reading out, 1n reading the second digital video data,
the digital video data stored in the second buffer
memory at the bit rate of the second digital video data.

The read speed for the first digital video data 1s set to

(T1+T2+2S)*A/T1 bps or more, and the read speed for the
second digital video data 1s set to (T1+T2+2S5)* A/T2 bps or
more when the average read time per read of the first digital
video data 1s T1 sec 1n time-divisionally and alternately
reading the first and second digital video data from the first
and second recording areas, the average read time per read
of the second digital video data 1s T2 sec, the maximum
access time (the time obtained by adding the time required
for one revolution of the recording medium to the seek time
required for the head unit to move from the innermost
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circumference to the outermost circumference of the record-
ing medium) is S sec, and the average bit rate of the first and
second digital video data 1s A bps.

According to the video disk apparatus having the above
arrangement according to the present invention, this single
apparatus can simultaneously read digital video data on a
plurality of channels. The reason will be described below.

Assume that the average bit rate of digital video data 1s A

bps, and the maximum access time (the time obtained by
adding the time required for one revolution of the recording,

medium to the time required for the write/read head to move
from the innermost circumference to the outermost circum-
ference of the recording medium) is S sec. In this case, to
simultaneously read the first and second digital continuous
data 1n the first and second recording areas at different radial
positions by using the single write/read head, the data must
be read from the recording medium time-divisionally at a
speed higher than the average bit rate of the two-channel
digital video data. More specifically, the first and second
digital video data are respectively read from the first and
second recording areas 1n different time intervals. To process
these two-channel digital video data at the average bit rate
A (bps), therefore, the write/read speed of the recording
medium must be at least 2* A bps or more.

In addition, since the single write/read head is used, and
the first and second recording areas are located at different
radial positions on the recording medium, there 1s an access
time between the first and second recording areas 1n switch-
ing the first and second digital video data. Assume that
two-channel digital video data are to be simultaneously read
by repeating the following time-divisional sequence: “read
of first digital video data 1in T1-sec mterval”—“access from
first recording arca to second recording areca 1n S-sec
mterval”—“read of second digital video data 1 T2-sec
interval”—*“access from second recording areca to first
recording area 1n S-sec interval”. In this case, two accesses
are performed between the recording areas in one cycle of
this time-divisional sequence.

When the first digital video data 1s to be read, the first
digital video data corresponding to a (T1+T2+2S)-sec inter-
val 1s read from the recording medium in a T1-sec interval.
The read speed of the recording medium therefore becomes
(T1+T2+2S)*A/T1 bps or more. Similarly, when the second
digital video data 1s to be read, the read speed of the
recording medium becomes (T1+T2+2S)* A/T2 bps or more.
When T1=T2, the read speed of the recording medium
becomes (2+2S/T1)*A bps or more. In this case, 2S/T1*A
bps correspond to the read speed increase required for two
aCCESSES.

The required buffer memory capacities will be described
next. The capacity required for the first buffer memory 1is
obtained by multiplying the sum of two times the access
time (the time required for the write/read head to reciprocate
between the first recording area and second recording area)
and an average read time T2 for the second digital video data
by the average transfer rate of digital video data. That 1s, the
required capacity is (2S+T2)*A bits or more. Similarly, the
capacity required for the second buifer memory is obtained
by multiplying the sum of two times the access time (the
time required for the write/read head to reciprocate between
the second recording area and the first recording area) and an
average read time T1 for the first digital video data by the
average transfer rate of digital video data. That 1s, the
required capacity 1s (2S+T1)*A bits or more. The total
capacity required for the first and second bufler memories 1s
(4S+T1+T2)* A bits or more.

Assume that these conditions for the read speed of the
recording medium and the buffer memory capacities are
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satisfied. In this case, when the first digital video data 1s to
be read, the first digital video data to be read 1s read for an
average read time of T1 sec and written 1n the first buffer
memory while the write/read head 1s moved from the first
recording area to the second recording area to make access
thereto 1n S sec to read the second digital video data for an
average read time of T2 sec, and the write/read head 1s
moved, 1n S sec, from the second recording area to a radial
position of the first recording area, from which data 1s to be
continuously read.

Similarly, when the second digital video data 1s to be read,
the second digital video data to be read 1s stored in the
second buffer memory while the write/read head 1s moved
from the second recording area to the first recording area to
make access thereto 1n S sec to read the first digital video
data for an average read time of T1 sec, and the write/read

head 1s moved, 1n S sec, from the first recording arca to a
radial position of the second recording area, from which data
1s to be continuously read. The second digital video data 1s
read for a next average read time of T2 sec, and written 1n
the second buflfer memory.

When no data 1s to be read from the recording medium,
the first and second digital video data are read out from the
first and second buffer memories at the bit rate of the digital
video data. For example, the read data are decompressed by
a digital video decompressor. The resultant data are then
output to the display unit.

By repeating these operations, the first and second digital
video data can be simultancously read from the first and
second recording areas, respectively, by using the single
write/read head.

Assume that when a seek failure occurs, a seek 1s to be
retried. In this case, it suffices 1f the read speeds for the first
and second digital video data are respectively set to (T1+
T242*S (N+1))*A/T1 bps or more and (T1+T2+2*S (N+1))
*A/12 bps or more, and the total storage capacity of the first
and second buffer memories is set to (4*S*(N+1)+T1+12)
* A bits or more when the average read time per read of the
first digital video data i time-divisionally and alternately
reading the first and second digital video data from the first
and second recording areas 1s T1 sec, the average read time
per read of the second digital video data 1s T2 sec, the
maximum access time for the recording medium (the time
obtained by adding the time required for one revolution of
the recording medium to the seek time required for the
write/read head to move from the innermost circumierence
to the outermost circumference of the recording medium) is
S sec, the average bit rate of the first and second digital video
data 1s A bps, and the maximum number of retries upon
occurrence of a seek failure 1s N.

In addition, the display screen of the display unit 1s
divided to stmultaneously display an 1mage based on the first
digital video data read from the first recording arca and an
image based on the second digital video data read from the
second recording arca, thereby allowing the user to simul-
taneously check the two-channel digital video data.

Additional objects and advantages of the invention will be
set forth 1n the description which follows, and 1n part will be
obvious from the description, or may be learned by practice
of the invention. The objects and advantages of the invention
may be realized and obtained by means of the instrumen-
talities and combinations particularly pointed out hereinbe-
fore.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWING

The accompanying drawings, which are incorporated in
and constitute a part of the specification, 1llustrate presently

10

15

20

25

30

35

40

45

50

55

60

65

3

preferred embodiments of the 1nvention, and together with
the general description given above and the detailed descrip-
fion of the preferred embodiments given below, serve to
explain the principles of the invention.

FIG. 1 1s a block diagram showing the arrangement of a
video disk apparatus according to an embodiment of the
present 1nvention;

FIG. 2 1s a view showing the first and second recording
arcas on an optical disk in this embodiment;

FIG. 3 1s a flow chart showing a sequence for simulta-
neously writing the first and second digital video data 1n this
embodiment;

FIGS. 4A and 4B are graphs showing changes in the
amounts of digital video data 1n the first and second buffer
memories 1n this embodiment;

FIG. § 1s a view showing a display example 1n this
embodiment;

FIG. 6 1s a graph showing changes 1n the amounts of
digital video data in the first, second, and third buifer
memories 1n this embodiment;

FIG. 7 1s a block diagram showing the arrangement of a
video disk apparatus according to another embodiment of
the present mvention;

FIG. 8 1s a view showing the first and second recording,
arcas on an optical disk in this embodiment;

FIG. 9 1s a flow chart showing a sequence for simulta-
neously reading the first and second digital video data in this
embodiment;

FIGS. 10A and 10B are graphs showing changes 1n the
amounts of digital video data 1n the first and second buffer
memories 1n this embodiment;

FIG. 11 1s a view showing a display example i this
embodiment; and

FIG. 12 1s a graph showing changes 1n the amounts of
digital video data in the first, second, and third buifer
memories 1n this embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

FIG. 1 shows the arrangement of a disk apparatus, and
more speciiically, a video disk apparatus used to write/read
digital continuous data. This video disk apparatus 1s consti-
tuted by analog 1nput sections 11 and 21, MPEG encoders 12
and 22 as digital video data compressors, digital video 1nput
sections 13 and 23, first and second buffer memories 14 and
24, MPEG decoders 15 and 25 as digital video data
decompressors, a switch 31, a modulator/demodulator sec-
tion 32, an optical head 33, an optical disk 34, a monitor 35
for displaying a read image, and a controller 36 for control-
ling the respective components.

The operation of this embodiment will be described
below.

Assume that digital video data are distributed from the
MPEG encoders 12 and 22, a CATYV, a satellite broadcast
station, and the like at an average bit rate of 4 Mbps 1n the
following description. Assume also that digital video data
are written/read on/from the optical disk 34 at a write/read
speed (data transfer rate) of 12 Mbps. In addition, as shown
in FI1G. 2, the optical disk 34 has first and second recording
arcas 41 and 42 located at different positions in the radial

direction. Each of the first and second buffer memories 14
and 24 has a capacity of 6 Mbits.

In the following operation, a write of data on the optical
disk 34 by the optical head 33, the write/read operations of
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the first and second buffer memories 14 and 24, and switch-
ing control on the switch 31, and the like are performed
under the control of the controller 36.

The process of writing one-channel digital video data will
be described first.

If an mput video data signal 1s an analog video signal such
as an NTSC signal, the analog video signal 1s mput to the
analog mput section 11 or 21 and subjected to analog/digital
conversion and image compression in the MPEG encoder 12
or 22. The resultant data 1s mnput to the digital video 1nput
section 13 or 23. In contrast to this, compressed digital video
data transmitted from a CATYV, a satellite broadcast station,
or the like 1s directly mput to the digital video input section

13 or 23.

A case wherein first digital video data 1s mput from the
digital video mput section 13 will be described first.

The first digital video data mput from the digital video
input section 13 1s written 1n the first buffer memory 14 at,
c.2., a rate of 4 Mbps. When a certain amount of digital
video data 1s written 1n the buffer memory 14, the digital
video data 1s read out from the buffer memory 14 at a rate
of 12 Mbps, which 1s the write speed of the optical disk 34.
The read data 1s imnput to the switch 31. In this case, the
switch 31 1s switched by the controller 36 such that the
digital video data from the first buffer memory 14 1s input to
the modulator/demodulator section 32 when the first digital
video data 1s to be written, and the digital video data from
the second buifer memory 24 1s input to the modulator/
demodulator section 32 when the second digital video data
1s to be written.

The digital video data mnput to the modulator/demodulator
section 32 1s modulated into a signal suited for a write. This
signal 1s mput to the known optical head 33 mainly consti-
tuted by a semiconductor laser, an objective, a photoelectric
detector, and the like (none of which are shown). The signal
1s then written 1n the optical disk 34 by the optical head 33.
The optical disk 34 1s a rewritable medium, and more
specifically, a phase change recording medium, a magneto-
optic recording medium, or the like.

Since the write speed of the optical disk 34 1s higher than
the bit rate of digital video data, the buffer memory 14
sometimes becomes empty. In this case, a write on the
optical disk 34 is interrupted, and the processing 1s repeated
from the operation of storing digital video data 1n the buifer
memory 14. Therefore, digital video data 1s continuously
input to the buffer memory 14, but the digital video data 1s
intermittently written in the optical disk 34 by intermittently
reading out the digital video data from the buffer memory

14.

Assume that when digital video data 1s stored in the buffer
memory 14 up to 4 Mbits or more, a write on the optical disk
34 1s started. In this case, when digital video data 1s stored
in the buffer memory 14 up to 4 Mbiuts, the digital video data
1s read out from the buffer memory 14 at a rate of 12 Mbps
while digital video data from the digital video mput section
13 1s written in the buffer memory 14 at a rate of 4 Mbps.
Consequently, the buffer memory 14 becomes empty 1n
about 4 Mbits/(12 Mbps—4 Mbps)=0.5 sec, and the write on
the optical disk 34 i1s interrupted. The buffer memory 14 1s
filled to 4 Mbits 1n the next one sec, and the data 1s written
in the optical disk 34 again.

A case wherein the first and second digital video data are
simultaneously written 1n the optical disk 34, which 1s a
characteristic operation of the present invention, will be
described next. As described above, a write on the optical
disk 34 1s imnterrupted in some 1ntervals 1n the process of
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writing the first digital video data. The second digital video
data can be written 1n the optical disk 34 by using such
intervals.

The second digital video data input from the digital video
input section 23 1s processed 1n the same manner as the first
digital video data. In addition, the first and second digital
video data are processed concurrently. The second digital
video data 1s written 1n the optical disk 34 through the
second buffer memory 24, the switch 31, the modulator/
demodulator section 32, and the optical head 33.

In this case, as shown 1n FIG. 2, the first recording area
41, m which the first digital video data 1s written, and the
second recording area 42, in which the second digital video
data 1s written, are located at different radial positions on the
optical disk 34. The optical head 33 therefore needs to move,
1.€., access, between the recording arcas 41 and 42. The {first
and second digital video data input during this access
between the recording areas 41 and 42 are respectively
stored 1n the buffer memories 14 and 24.

FIG. 3 1s a flow chart showing a sequence for simulta-
neously writing the first and second digital video data on the
disk 1n this embodiment.

First of all, 1t 1s checked whether digital video data 1s
stored 1n the first buffer memory 14 up to 2 Mbits or more
(step S1). If it 1s determined that digital video data is stored
in the first buffer memory 14 up to 2 Mbits or more, the
optical head 33 1s moved to the first recording area 41 on the
optical disk 34 (step S2). The first digital video data is read
out from the buffer memory 14 and written i1n the first

recording arca 41 until the buifer memory 14 become empty
(steps S3 and S4).

The optical head 33 1s moved to the second recording arca
42 on the optical disk 34 (step S5). The second digital video
data 1s then read out from the second buifer memory 24 and
written 1n the second recording area 42 unftil the bufler
memory 24 becomes empty (steps S6 and S7).

Subsequently, the flow returns to step S2 to alternately
repeat a write of the first digital video data in the first
recording area 41 on the optical disk 34 and a write of the
second digital video data in the second recording arca 42.

FIGS. 4A and 4B are graphs showing changes in the
amounts of digital video data 1n the first and second buffer
memories 14 and 24 with time in the process of simulta-
neously writing the first and second digital video data on the
disk. Assume that the average access time between the first
and second recording arecas 41 and 42 1s 0.25 sec, and the
optical head 33 1s located in the first recording arca 41. A
sequence of a simultaneous write 1n this embodiment will be
described below.

(1) In the first 0.5-sec interval, no data is written, and
hence 4 Mbits*0.5 sec=2 Mbits of digital video data 1s stored
in each of the first and second buffer memories 14 and 24.

(2) In the next 0.25-sec interval, the first digital video data
stored 1n the first buffer memory 14 1s read out at a rate of
12 Mbps and written 1n the first recording area 41 on the
optical disk 34. As a result, the amount of first digital video
data left in the first buffer memory 14 becomes 2 Mbits—(12
Mbps—4 Mbps)*0.25 sec=0. At this time, since the second
digital video data stored 1n the second buffer memory 24 is

not written 1n the op‘ucal disk, the amount of second digital
video data 1n the buffer memory 24 1s 2 Mbits+4 Mbps*0.25

sec=3 Mbits.

(3) In the next 0.25-sec interval, the optical head 33 is
moved from the first recording areca 41 to the second
recording area 42 to make access thereto. Since no data 1s
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written 1n the optical disk 34 during this access, the amount
of first digital video data 1n the first buffer memory 14 is 4
Mbps*0.25 sec=1 Mbits, and the amount of second digital

video data 1n the second buffer memory 24 1s 3 Mbits+4
Mbps*0.25 sec=4 Mbits.

(4) In the next 0.5-sec interval, the second digital video
data stored 1n the second buffer memory 24 is written 1n the
optical disk 34 at a rate of 12 Mbps. As a result, the amount
of second digital video data left in the second buifer memory
24 becomes 4 Mbits—(12 Mbps)*0.5 sec=0. At this time,
since the first digital video data stored in the first buifer
memory 14 1s not written in the optical disk 34, the amount

of first digital video data 1n the first buffer memory 14 1s 1
Mbits+4 Mbps*0.5 sec=3 Mbits.

(5) In the next 0.25-sec interval, the optical head 33 is
moved from the second recording area 42 to the first
recording arca 41 to make access thereto. Since no data 1s
written 1n the optical disk 34 during this access, the amount
of first digital video data in the first buffer memory 14 1s 3
Mbits+4 Mbps*0.25 sec=4 Mbits, and the amount of second

digital video data i1n the second buffer memory 24 1s 4
Mbps*0.25 sec=1 Mbits.

(6) In the next 0.5-sec interval, the first digital video data
stored 1n the first buffer memory 14 1s written 1n the optical
disk 34 at a rate of 12 Mbps. As a result, the amount of first
digital video data left in the first buifer memory 14 becomes
4 Mbits=(12 Mbps—4 Mbps)*0.5 sec=0. At this time, since
the second digital video data stored 1n the second buifer
memory 24 1s not written in the optical disk 34, the amount
of second digital video data 1n the second buffer memory 24

1s 1 Mbits+4 Mbps*0.5 sec=3 Mbits.

Subsequently, the following operations are repeated:
access of the optical head 33 from the first recording area 41
to the second recording area 42 (0.25 sec)—>write of the
seccond digital video data in the second recording area
42—access of the optical head 33 from the second recording
arca 42 to the first recording area 41 (0.25 sec)—>write of
first digital video data in the first recording area 41 (0.5 sec).

As 1s obvious from FIGS. 4A and 4B, both the amounts
of first and second dlgltal video data stored in the first and
second buffer memories 14 and 24 do not exceed the buifer
memory capacity, and the first and second digital video data
are alternately written 1n the optical disk 34.

The required write speed of the optical disk 34 1n the
present mvention will be described next.

In this embodiment, the average bit rate of the first and
second digital video data 1s A=4 Mbps, and the maximum
access time for the optical disk 34 (the time obtained by
adding the time required for one revolution of the optical
disk 34 to the seek time required for the optical head 33 to
move from the innermost circumierence to the outermost
circumference of the optical disk 34) is S=0.25 sec.

To simultaneously write the first and second digital video
data 1n the first and second recording areas 41 and 42 on the
optical disk 34 by using the optical head 33, the two-channel
digital video data must be time-divisionally and alternately
written 1n the disk at a speed higher than the average bit rate
of the two-channel digital video data. That 1s, the first digital
video data 1s written 1n some intervals, while the second
digital video data 1s written 1n other 1ntervals. To process the
two-channel digital video data at an average bit rate of 4
Mbps, therefore, the write speed of the optical disk 34 must
be set to at least 2*4 Mbps=8 Mbps.

In addition, since the single optical head 33 1s used, and
the positions of the first and second recording areas 41 and
42 on the optical disk 34 are not necessarily the same, an
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access time 1s required to switch between writes 1n the
recording arecas 41 and 42. Assume that a write operation 1s
performed by repeating the following time-divisional
sequence: “write of first digital video data 1n first recording
arca 41”—“access from first recording arca 41 to second
recording area 42”—“write of second digital video data in
second recording arca 42”. In this case, two accesses are
performed 1n one time-divisional sequence.

In a write operation, therefore, digital video data mput 1n
an average write time of 0.5 sec for digital video data written
in the optical disk 34, and the time taken for two accesses
must be written within this write time.

Referring to FIGS. 4A and 4B, the average write time
required for the first digital video data per write operation 1s
about 0.5 sec, although the write time 1s 0.25 sec only for the
first time, and the average write time for the second digital
video data 1s also 0.5 sec. The average access time 1s 0.25
sec. It therefore suflices if the write speed of the optical disk
34 is (0.5+0.5+2*0.25)*4 Mbps/0.5 sec=12 Mbps or more.
In this case, 4 Mbps corresponds to the write speed increase

required for two accesses. In this embodiment, the write/
read speed of the optical disk 34 1s 12 Mbps, which satisiies

this condition.

The buffer memory capacity required in the present
invention will be described next.

The capacity required for the first buffer memory 14 1s
obtained by multiplying the sum of two times the maximum
access time S (the time required for the optical head 33 to
reciprocate between the first recording areca 41 and the
second recording area 42) and an average write time T2 for
the second digital video data by the average transfer rate of
digital video data. That is, the required capacity is (2S+T2)
*A bits or more. In this case, the required capacity 1s
(2*%0.2540.5)*4=4 Mbits or more.

Similarly, the capacity required for the second buffer
memory 24 1s obtained by multiplying the sum of two times
the maximum access time (the time required for the optical
head 33 to reciprocate between the second recording area 42
and the first recording area 41) and an average write time T1
for the first digital video data by the average transfer rate of
digital video data. That is, the required capacity is (2S+T1)
*A bits or more. In this case, the required capacity 1s
(2*%0.2540.5)*4=4 Mbits or more.

A total bulffer memory capacity of 8 Mbits or more 1s
therefore required for the first and second buffer memories
14 and 24. In this embodiment, since each of the first and
second buffer memories 14 and 24 has a capacity of 6 Mbiuts,
the total capacity 1s 12 Mbits. Hence, this condition 1is
satisfied.

Referring to FIGS. 4A and 4B, however, a maximum of
only 4 Mbits of each of the first and second buffer memories
14 and 24 are used. That 1s, a capacity of 4 Mbits 1s suflicient
for each memory buifer. The capacity of each of the buifer
memories 14 and 24 can therefore be reduced to 4 Mbits by
some techniques concerning memory control.

Assume that the above conditions for the write speed of
the optical disk 34 and the buiffer memory capacity are
satisfied. In this case, the recording system for the first
digital video data stores, 1n the first buffer memory 14, the
first digital video data to be written 1n the interval during
which the optical head 33 makes access from the first
recording area 41 to the second recording area 42 to write
the second digital video data for an average write time of 0.5
sec, and the optical head 33 makes access from the second
recording area 42 to a radial position of the first recording
arca 41, 1n which data 1s to be continuously written, and




US 6,295,409 Bl

13

reads out the digital video data from the first buffer memory
14 and writes 1t onto the optical disk 34 in the next 0.5-sec
interval.

The recording system for the second digital video data
stores, 1n the second bufler memory 24, the second digital
video data to be written in the interval during which the
optical head 33 makes access from the second recording arca
42 to the first recording area 41 to write the first digital video
data for an average write time of 0.5 sec, and the optical head
33 makes access from the first recording area 41 to a radial
position of the second recording area 42, 1n which data 1s to
be continuously written, and reads out the digital video data
from the second buffer memory 24 and writes it onto the
optical disk 34 m the next 0.5-sec interval.

With this operation, the first and second digital video data
can be simultaneously written 1n the first and second record-
ing arcas 41 and 42 at different radial positions on the optical
disk 34 by using one optical head 33.

FIG. 5 shows a display example on the monitor 35 1n this
embodiment. The display screen of the monitor 35 1s divided
into two areas, in which a written 1mage 51 based on the first
digital video data and a written 1mage 52 based on the
second digital video data are separately and simultaneously
displayed, thereby allowing the user to simultaneously
monitor the two written 1images 51 and 52.

When this monitor display 1s to be performed, in this
embodiment, the first and second digital video data read out
from the buffer memories 14 and 24 are decompressed by
the MPEG decoders 15 and 25 first, and then are output to
the monitor 35. If, however, the mput video signals are
analog signals, the signals may be directly mnput to the
monitor 35 without the mediacy of the MPEG encoders 12
and 22, the digital video input sections 13 and 23, and the
MPEG decoders 15 and 25.

If, for example, address information written in the optical
disk 34 cannot be read, the optical head 33 cannot be moved,
1.€., sought, from a given recording area to another recording
arca on the optical disk 34. When such a seek failure occurs,
the video disk apparatus of this embodiment repeats the seek
up to a predetermined number of retries. Letting A (bps) be
the bit rate of digital video data, S (sec) be the maximum
access time for the optical disk 34 (the time obtained by
adding the time required for one revolution of the optical
disk 34 to the seek time required for the optical head 33 to
move from the innermost circumierence to the outermost
circumference of the optical disk 34), and N be the maxi-
mum number of retries upon occurrence of a seek failure, the
maximum seek time is set to (N+1)*S sec to estimate the
write speed of the optical disk 34 and the capacities of the
buffer memories 14 and 24 1n consideration of retries upon
occurrence of this seek failure.

If, therefore, the write speeds for the first and second

digital video data are (T1+T2+2*S*(N+1))*A/T1 bps or
more and (T1+T2+42*S*(N+1))*A/T2 bps or more,
respectively, and the total storage capacity of the buifer
memories 14 and 24 is (4*S*(N+1)+T1+T2)* A bits or more,
the digital video data as re-seek targets can be stored in the
buffer memories 14 and 24 even 1n the process of retrying,
secking of the optical head 33, thereby allowing the digital
video data to be written without any interruption.

In the above embodiment, the two-channel digital video
data are simultaneously written. A case wherein three-
channel digital video data are simultaneously written will be
described next.

To simultaneously write three digital video 1mages by
using one write/read head, the three digital video 1mages
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must be time-divisionally written in the disk at a speed
higher than the average bit rate of the three digital video
images. Video 1images 1, 2, and 3 are respectively written in
the disk 1n different time 1ntervals. To process the three video
images, a write/read speed of the disk must be 3*A bit/s or
more. In addition, since the single write/read head 1s used,
and the positions of the respective recording areas on the
disk are not necessarily the same, an access time 1s required
to switch between writes 1n the respective recording areas.
Assume that a write operation 1s performed by repeating the
following time-divisional sequence: “write for T1
sec’—*“access from recording area 1 to recording area 2 in
S sec”’—="“write for T2 sec”’—“access from recording arca 2
to recording areca 3 1n S sec”’—*“write for T3 sec”—"“access
from recording area 3 to recording area 1 1n S sec”. In this
case, three accesses are performed in one time-divisional
sequence.

When the first video 1image 1s to be written, therefore, the
digital video data input in (T1+T2+T3+3*S) sec is written in
the disk 1n T1 sec. Consequently, the write speed for the first
video image is (T1+T2+4T3+3*S)*A/T1 bps or more.
Similarly, the write speed for the second video image 1is
(T1+4T2+T3+3*S)*A/T2 bps or more. The write speed for
the third video image is (T1+T2+T3+3*S)*A/T3 bps or

Morec.

The required buffer memory capacity i1s the value
obtained by multiplying the sum of three times the access
time (the time required for the optical head to reciprocate
between recording area 1, recording area 2, and recording
areca 3) and the time required to write the two remaining
video 1mages by the average transfer rate of the video
images. The respective buffer memory capacities required
for the first to third video images are (3*S+T2+T13)*A bits
or more, (3S+T1+T3)*A bits or more, and (3*S+T1+T2)*A

bits or more, respectively. A total of (9*S+T1+2*T2+2*T3)
* A bits or more 1s required.

If these conditions for the write/read speed of the disk and
the buller capacities are satisfied, the digital video 1mage to
be written 1s stored in each buffer memory while three
accesses are made and two remaining video 1mages are
written 1n the disk. The video data 1n each buffer memory 1s
written 1n the disk 1n a corresponding write interval. By
repeating these operations, the transferred digital video data
are continuously written in the optical disk without any
Omiss1on.

FIG. 6 shows changes 1 the digital video data in the
buffer memories corresponding to the respective video
images with time in the process of simultancously writing
the three video images. The three buffer memories are

prepared for the respective video 1mages. In addition, the
average bit rate of the video data 1s set to A=4 Mbats/s; the

maximum access time, S=0.2 sec; and T1=T2=T3, 0.6 sec.

The write speed required to simultaneously write the three
video images 1s (T1+12+4T3+3*S) A/T1=16 Mbits/s or
more. The capacity required for each buffer memory 1is
(3*S+T1+T2)*A 7.2 Mbits. The total required capacity of
three bulfer memories 1, 2, and 3 1s 7.2*3=21.6 Mbats. These

three buflfer memories 1, 2, and 3 respectively correspond to
video 1mages 1, 2, and 3.

(0) In the first 0.6-sec interval, video data 1 is sent to
buffer memory 1 at a rate of 4 Mbits/s while 7.2-Mbit video
data in buffer memory 1 1s written 1n the disk at a rate of 16

Mbits/s. The amount of data in buffer memory therefore
becomes 7.2 Mbits—(16-4)*0.6=0.

Meanwhile, only video data 2 1s sent to buffer memory 2,
in which 4-Mbit video data 1s stored, at a rate of 4 Mbit/s.
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er 2 therefore becomes 4 Mbits+

The amount of data 1n buf
4*0.6=6.4 Mbit.

Meanwhile, only video data 3, in which 0.8-Mbit video
data 3 1s stored, 1s sent to bulffer memory 3 at a rate of 4
Mbits/s. The amount of data in buffer 3 therefore becomes

0.8 Mbits+4%0.6=3.2 Mbits.

(1) In the next 0.2-sec interval, since a seek 1s performed
from the recording area for video data 1 to the recording arca
for video data 2, video data are stored in the respectlve buffer
memorics. As a result, the amount of data 1n each buifer
memory 1ncreases by 4 Mbits*0.2=0.8 Mbits. That 1s, the
amounts of data 1n buffer memories 1, 2, and 3 respectively

become 0+0.8=0.8 Mbits, 6.4+0.8=7.2 Mbits, and 3.2+0.8=4
Mbits.

(2) In the next 0.6-sec interval, only video data 1 is set to
buffer memory 1, in which 0.8-Mbit video data 1 1s stored,
at a rate of 4 Mbits/s. The amount of data in buffer memory
1 therefore becomes 0.8 Mbit+4*0.6=3.2 Mbits. Meanwhile,
video data 2 1s set to builer memory 2 at a rate of 4 Mblts/s
while 7.2-Mbit video data in buffer memory 2 1s written in
the disk at a rate of 16 Mbits/s. As a result, the amount of
data in buffer memory 2 becomes 7.2 Mbits (16-4)*0.6=0.

Meanwhile, only video data 3 1s sent to buffer memory 3,
in which 4-Mbait video data 3 1s stored, at a rate of 4 Mbits/s.
The amount of data in buffer memory 3 therefore becomes

4 Mbits+4*0.6=6.4 Mbiuts.

(3) In the next 0.2-sec interval, since a seek is performed
from the recording area for video data 2 to the recording arca
for video data 3, video data are stored in the respectlve buffer
memorics. As a result, the amount of data 1n each buffer
memory 1ncreases by 4 Mbits*0.2=0.8 Mbits. That 1s, the
amounts of data in buffer memories 1, 2, and 3 respectively
become 3.240.8=4 Mbits, 04+0.8=0.8 Mbits, and 6.4+0.8=7.2
Mbits.

(4) In the next 0.6-sec interval, only video data 1 is sent
to buffer memory 1, in which 0.8-Mbit video data 1 1s stored,
at a rate of 4 Mblts/s The amount of data 1n buffer memory
1 therefore becomes 4 Mbits*4* 0.6=6.4 Mbits. Meanwhile,

only video data 2 is sent to buffer memory 2, 1n which
0.8-Mbait video data 2 1s stored, at a rate of 4 Mbits/s. As a
result, the amount of data in buffer memory 2 becomes 0.8
Mbits+4*0.6=3.2 Mbits. Meanwhile, video data 3 1s sent to
buffer memory 3 at a rate of 4 Mbits/s while 7.2-Mbit video
data 3 in buffer memory 3 1s written in the disk at a rate of

16 Mbits/s. As a result, the amount of data 1n buffer memory
3 becomes 7.2 Mbits—(16-4)*0.6=0.

(5) In the next 0.2-sec interval, since a seek is performed
from the recording area for video data 3 to the recording arca
for video data 1, video data are stored in the respectlve buffer
Memories. The amount of data in each buffer memory
increases by 4 Mbits/s*0.2=0.8 Mbits. That 1s, the amounts
of data 1n buffer memories 1, 2, and 3 respectively become
6.44+0.8="7.2 Mbits, 3.2+0.8=4 Mbits, and 0+0.8=0.8 Mbiuts.

(6) In the next 0.6-sec interval, video data 1 is sent to
buffer memory 1 at a rate of 4 Mbits/s while 7.2-Mbit video
data 1 1n buifer memory 1 1s written 1n the disk at a rate of
16 Mbits/s. The amount of data in buffer memory 1 therefore
becomes 7.2 Mbits—(16-4)*0.6=0.

Meanwhile, only video data 2 1s sent to buffer memory 2,
in which 4-Mbit video data 2 1s stored, at a rate of 4 Mbits/s.

As a result, the amount of data 1n buffer memory 1 becomes
4 Mbits+4*0.6=6.4 Mbiuts.

Meanwhile, only video data 2 1s sent to buifer memory 2,
in which 0.8-Mbi1t video data 3 1s stored, at a rate of 4
Mbits/s. As a result, the amount of data 1in buffer memory 3

becomes 0.8 Mbits+4*0.6=3.2 Mbiuts.
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(7) In the next 0.2-sec interval, since a seek is performed
from the recording area for video data 1 to the recording area
for video data 2, video data are stored in the respective buifer
memories. The amount of data in each buifer memory
increases by 4 Mbits/s*0.2=0.8 Mbits. That 1s, the amounts

of data 1n buffer memories 1, 2, and 3 respectively become
0+0.8=0.8 Mbits, 6.4+0.8=7.2 Mbits, and 3.2+0.8=4 Mbits.

(8) In the next 0.6-sec interval, only video data 1 is sent
to buffer memory 1, in which 0.8-Mbit video data 1 1s stored,
at a rate of 4 Mbits/s.

The amount of data in buffer memory 1 therefore becomes
0.8 Mbits+4*0.6=3.2 Mbits. Meanwhile, video data 2 1s sent
to buflfer memory 2 at a rate of 4 Mblts/s while 7.2-Mbit
video data 2 1n buffer memory 2 1s written 1n the disk at a
rate of 16 Mbits/s. As a result, the amount of data in buiffer
memory 1 becomes (7.2 Mbits—16-4)3*0.6=0.

Meanwhile, only video data 3 1s sent to buifer memory 3,
in which 4-Mbit video data 3 1s stored, at a rate of 4 Mbits/s.
As a result, the amount of data 1n buffer memory 3 becomes

4 Mbits+4*0.6 6.4 Mbits.

(9) In the next 0.2-sec interval, since a seek is performed
from the recording area for video data 2 to the recording area
for video data 3, video data are stored in the respective builer
memories. The amount of data 1n each buffer memory
increases by 4 Mbits/s*0.2 0.8 Mbits. That 1s, the amounts
of data 1n buffer memories 1, 2, and 3 respectively become
3.2+0.8=4 Mbits, 0+0.8=0.8 Mbits, and 6.4+0.8=7.2 Mbiuts.

(10) In the next 0.6-sec interval, only video data 1 is sent
to buffer memory 1, in which 0.8-Mbit video data 1 1s stored,
at a rate of 4 Mbits/s. The amount of data 1n buffer memory
1 therefore becomes 4 Mbits+4*0.6=6.4 Mbits. The amount
of data 1n buffer memory 2, in which 0.8-Mbit video data 2
1s stored, becomes 0.8 Mbits+4*0.6=3.2 Mbits. Meanwhile,
video data 3 1s sent to buffer memory 3 while 7.2-Mbit video
data 3 1n buffer memory 3 1s written in the disk at a rate of

16 Mbits/s. As a result, the amount of data in buffer memory
3 becomes 7.2 Mbits—(16-4)*0.6.

Subsequently, operations (5), (6), (7), (8), (9), and (10) are
repeated.

As described above, the digital video data to be written 1s
stored 1n each buffer memory while three accesses are
performed, and two remaining video data are written in the
disk. The video data 1n each buffer memory 1s written 1n the
disk 1n a corresponding write interval. By repeating these
operations, the transferred digital video data are conftinu-
ously written in the optical disk without any omaission.

In the above embodiment, two- and three-channel digital
video data are stmultaneously written 1n the disk. However,
the present invention can also be applied to a stmultaneous
write of n-channel (n>3) digital video data.

In this case, n-channel digital video data are written 1n n
recording areas located at different radial positions on an
optical disk at T-sec intervals. Since n T-sec writes and n
secks (accesses) are performed in one time-divisional
sequence, the required write speed is (n*T+nS)*A/T bps or
more, and the required buffer memory capacity is (n*nS+
nT)*A bits or more. As is obvious from the gist of the
present invention, n-channel mnput digital video data can be
written without any interruption under these conditions.

In this embodiment, semiconductor memories on different
chips may be used as the first and second buffer memories
14 and 24. Alternatively, a large-capacity semiconductor
memory on one chip may be divided into two address
spaces, and the first and second digital video data may be
respectively stored 1n the two addresses spaces.
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As described above, according to the present invention,
digital video data on a plurality of channels can be written
in one video disk apparatus without degrading image quality
by alternately and time-divisionally writing different digital
video data 1 a plurality of recording arcas located at
different radial positions on a disk-like recording medium
using a single write/read head.

More specifically, in the above embodiment, the write
speed of the recording medium 1s set to higher than the bit
rate obtained by adding the access time required for the
write/read head to reciprocate between the first and second
recording arcas to the total bit rate of the first and second
digital video data. In addition, the recording system for the
first digital video data includes the first buffer memory
having a capacity enough to store the first digital video data
input 1n the interval during which the second digital video
data 1s written and the write/read head reciprocates
(accesses) between the first and second recording areas. The
recording system for the second digital video data includes
the second buifer memory having a capacity enough to store
the second digital video data mput in the interval during
which the first digital video data 1s written and the write/read
head reciprocates (accesses) between the first and second
recording areas. With this arrangement, the first and second
input digital video data can be continuously and simulta-
neously written 1 the recording medium by the single
write/read head without any omission.

FIG. 7 shows the arrangement of a video disk apparatus
according to another embodiment of the present invention.
This video disk apparatus 1s constituted by a first/second
analog video 1nput section 111, an MPEG encoder 112 as a
digital video data compressor, a digital video 1nput section
113, first and second buffer memories 114 and 1185, a switch
116, a modulator/demodulator section 117, an optical head
118, an optical disk 119, MPEG decoders 120 and 121 as
digital video data decompressors for monitoring images, a
monitor 122 for displaying read images, and a controller 123
for controlling the respective components.

The operation of this embodiment will be described
below.

Assume that digital video data are transmitted from the
MPEG encoder 112, a CATYV, a satellite broadcast station,
and the like at an average bit rate of 4 Mbps 1n the following
description. Assume also that digital video data are written/
read on/from the optical disk 119 at a write/read speed (data
transfer rate) of 112 Mbps. In addition, as shown in FIG. 8,
the optical disk 119 has first and second recording areas 131
and 132 located at different positions 1n the radial direction.
Each of the first and second buifer memories 114 and 115
has a capacity of 6 Mbits.

In the following operation, a read of data from the optical
disk 119 by the optical head 118, the write/read operations
of the first and second buffer memories 114 and 115, and
switching control on the switch 116, and the like are
performed under the control of the controller 123.

Since the write operation of this embodiment 1s substan-
tfially the same as that of the preceding embodiment, the read
operation will be described below.

A general process of reading one-channel digital video
data will be described first. Assume that the first digital
video data written 1n the first recording area 131 on the
optical disk 119 1s to be read.

The signal read from the first recording area 131 on the
optical disk 119 by the optical head 118 1s demodulated into
the first digital video data by the modulator/demodulator
section 117. The demodulated digital video data 1s written in
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the buffer memory 114 at a rate of 112 Mbps. At the same
time, digital video data 1s read out from the buffer memory
114 at a rate of 4 Mbps, decompressed by the MPEG decoder
120, and output to the monitor 122.

Since the read speed of the optical disk 119 1s higher than
the bit rate of digital video data, the buffer memory 114 may
be filled to capacity. In this case, a read 1s mterrupted until
the digital video data stored in the buifer memory 114
decreases to a certain amount. That 1s, digital video data are
continuously read out from the buffer memory 114, but
digital video data 1s intermittently read from the optical disk

119.

Assume that a read of data from the optical disk 119 is
performed when the digital video data stored in the bufler
memory 114 decreases to 2 Mbits or less. In this case, digital
video data 1s read out from the buffer memory 114 at a rate
of 4 Mbps and 1nput to the MPEG decoder 120 while digital
video data 1s written 1n the bufler memory 114 at a rate of
12 Mbps. The amount of data in the buffer memory 114
becomes 2 Mbits+(12 Mbps—4 Mbps)*0.5 sec=6 Mbits, i.¢c.,
the buffer memory 114 1s filled to capacity, in about 0.5 sec.
The read 1s therefore interrupted. Since the amount of data
in the buifer memory 114 becomes 2 Mbits 1n the next 1-sec
interval, digital video data is read from the optical disk 119
again.

In reading digital video data on a given channel, the read
1s 1nterrupted 1n some intervals, and digital video data

through another channel can be read by using these intervals.

The process of simultaneously reading the first and sec-
ond digital video data from the optical disk 119 will be
described next.

As described above, a read of the first digital video data
from the optical disk 119 1s interrupted in some intervals,
and the second digital video data 1s read by using these
intervals.

The second digital video data is read 1n the same manner
as the first digital video data. The read signal read from the
second recording area 132 on the optical disk 119 by the
optical head 118 i1s demodulated i1nto the second digital
video data by the modulator/demodulator section 117. The
data 1s written 1n the second buffer memory 115 through the
switch 116. This data 1s decompressed by the MPEG
decoder 121 and output to the monitor 122.

As shown 1n FIG. 8, the first recording area 131 in which
the first digital video data 1s written and the second recording
arca 132 1n which the second digital video data 1s stored are
located at different radial positions on the optical disk 119.
The optical head 118 must therefore be moved (for access)
between the recording areas 131 and 132. As the first and
second digital video data to be 1nput to the MPEG decoders
120 and 121 during an access between the recording areas

131 and 132, the digital video data stored in the buffer

memories 114 and 115 1n advance are used.

FIG. 9 1s a flow chart showing a sequence for simulta-
neously reading the first and second digital video data in this
embodiment.

First of all, it 1s checked whether the first digital video
data stored 1n the first buffer memory 114 1s 4 Mbits or less
(step S1). If it 1s determined that the digital video data stored
in the first buffer memory 114 1s 4 Mbits or less, the optical
head 118 1s moved to the first recording area 131 on the
optical disk 119 (step S2). Digital video data is then read
from the first recording arca 131 and written 1n the buifer
memory 114 until the amount of first digital video data in the
buffer memory 114 becomes 4 Mbits or more (Steps S3 and

S4).
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The optical head 118 1s moved to the second recording
area 132 on the optical disk 119 (step S5). Digital video data
1s read from the second recording area 132 and written 1n the
first and second buffer memory 115 until the amount of
second digital video data in the second buffer memory 115
becomes 4 Mbits or more (steps S6 and S7).

Subsequently, the flow returns to step S2 to alternately
repeat a read of the first digital video data from the first
recording area 131 on the optical disk 119 and a read of the
second digital video data from the second recording arca

132.

FIGS. 10A and 10B show changes in the amounts of
digital video data 1n the first and second buffer memories 114
and 115 with time 1n the process of simultaneously reading
the first and second digital video data. Assume that an
average access time between the first and second recording
arcas 131 and 132 1s 0.25 sec. Assume also that the optical
head 118 1s located in the first recording area 131. A
sequence for a simultaneous read in this embodiment will be
described with reference to FIGS. 10A and 10B. Assume
that no dlgltal video data 1s initially stored in both the buffer

memories 114 and 115.

(1) In the first 0.5-sec interval, while the first digital video
data 1s read from the first recording areca 131 on the optical
disk 119 at a rate of 12 Mbps and written 1n the first buifer
memory 114, the data 1s read out from the first buifer
memory 114 at a rate of 4 Mbps and output to the MPEG
decoder 120. As a result, the amount of first digital video
data in the buffer memory 114 becomes (12 Mbps—4 Mbps)
*0.5 sec 4 Mbits. Since no data 1s read from the second
recording arca 132 on the optical disk 119, the amount of
data 1n the first buffer memory 115 remains zero.

(2) In the next 0.25-sec interval, the optical head 118 is
moved from the first recording area 131 to the second
recording areca 132 to make access thereto. During this
access, no data 1s read from the optical disk 119, and the first
digital video data 1n the first buffer memory 114 1s read out
at a rate of 4 Mbps and output to the MPEG decoder 120. As
a result, the amount of data i1n the first buffer memory 114
becomes 4 Mbits—4 Mbps*O 25 sec=3 Mbits. The amount of

data 1 the second buffer memory 115 remains zero.

(3) In the next 0.5-sec interval, while the second digital
video data 1s read from the second recording areca 132 at a
rate of 12 Mbps and written 1n the second buffer memory
115, the second digital video data 1s read out from the second
buffer memory 115 at a rate of 4 Mbps and output to the
MPEG decoder 121. As a result, the amount of second
digital video data 1n the second buffer memory 115 becomes
(12 Mbps—4 Mbps)*0.5 sec=4 Mbits. No data is read from
the first recording area 131 on the optical disk 119, and the
first digital video data in the first butfer memory 114 1s read
out at a rate of 4 Mbps and output to the MPEG decoder 120.
The amount of data 1n the first buffer memory 114 therefore
becomes 3 Mbits—4 Mbps*0.5 sec=1 Mbits.

(4) In the next 0.25-sec interval, the optical head 118 is
moved from the second recording areca 132 to the first
recording arca 131 to make access thereto. During this
access, no data 1s read from the optical disk 119, and the first
digital video data 1n the first buffer memory 114 1s read out
at a rate of 4-Mbps and output to the MPEG decoder 120.

The amount of data in the first buffer memory 114 therefore
becomes 1 Mbits—4 Mbps*0.25 sec=0. The second digital

video data 1n the second buffer memory 1135 1s read out at a
rate of 4 Mbps and output to the MPEG decoder 121. As a
result, the amount of data 1n the second buffer memory 115

becomes 4 Mbits—4 Mbps*0.25 sec=3 Mbits.
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(5) In the next 0.5-sec interval, while the first digital video
data 1s read from the first recording arca 131 at a rate of 12
Mbps and written 1n the first buffer memory 114, the first
digital video data 1s read out from the first buffer memory
114 at a rate of 4 Mbps and output to the MPEG decoder
120. The amount of first digital video data in the first buffer
memory 114 therefore becomes (12 Mbps—-4 Mbps)*0.5
sec=4 Mbits. No data 1s read from the second recording arca
132 on the optical disk 119, and the second digital video data
in the second bufler memory 115 1s read out at a rate of 4
Mbps and output to the MPEG decoder 121. The amount of
data 1n the second buffer memory 115 therefore becomes 3
Mbits—4 Mbps*0.5 sec=1 Mbits.

(6) In the next 0.25-sec interval, the optical head 118 is
moved from the first recording area 131 to the second
recording arca 132 to make access thereto. During this
access, no data 1s read from the optical disk 119, and the first
digital video data 1n the first buffer memory 114 1s read out
at a rate of 4 Mbps and output to the MPEG decoder 120.
The amount of data in the first buffer memory 114 therefore
becomes 4 Mbits—4 Mbps*0.25 sec=3 Mbits. The second
digital video data 1n the second buffer memory 115 1s read
out at a rate of 4 Mbps and output to the MPEG decoder 121.
The amount of data in the second buffer memory 115

therefore becomes 1 Mbits—4 Mbps*0.25 sec=0.

(7) In the next 0.25-sec interval, while the second digital
video data 1s read from the second recording area 132 at a
rate of 12 Mbps and written 1n the second buffer memory
115 at a rate of 4 Mbps, the second digital video data 1s read
out from the second buifer memory 115 at a rate of 4 Mbps
and output to the MPEG decoder 121. The amount of second
digital video data 1n the second buffer memory 115 therefore
becomes (12 Mbps—4 Mbps)*0.5 sec=4 Mbits. No data is
read from the first recording area 131 on the optical disk 119,
and the first digital video data 1n the first buffer memory 114
1s read out at a rate of 4 Mbps and output to the MPEG
decoder 120. The amount of data in the first buffer memory
114 therefore becomes 3 Mbits—4 Mbps*0.5 sec=1 Mbiuts.

Subsequently, the following operations are repeated:
access of the optical head 118 from the first recording area
132 to the second recording area 131 (0.25 sec)—read of the
first digital video data from the first recording area
131—access of the optical head 118 from the first recording,
area 131 to the second recording area 132 (0.25 sec)—read
of second digital video data from the second recording arca

132 (0.5 sec).

As 1s obvious from FIGS. 10A and 10B, both the amounts

of first and second digital video data stored in the first and
second buffer memories 114 and 115 do not exceed the

buffer memory capacity, and the first and second digital
video data are alternately read from the optical disk 119.

The required read speed of the optical disk 119 1n the
present 1nvention will be described next.

In this embodiment, the average bit rate of the first and
second digital video data 1s A=4 bps, and the maximum
access time for the optical disk 119 (the time obtained by
adding obtained by adding the time required for one revo-
lution of the optical disk 119 to the seek time required for the
optical head 118 to move from the mnermost circumierence
to the outermost circumference of the optical disk 119) is

S=0.25 sec.

To simultaneously read the first and second digital video
data from the first and second recording areas 131 and 132
on the optical disk 119 by using the optical head 118, the
two-channel digital video data must be time-divisionally and
alternately read from the disk at a speed higher than the
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average bit rate of the two-channel digital video data. That
1s, the first digital video data 1s read 1in some 1ntervals, while
the second digital video data 1s read 1n other intervals. To
process the two-channel digital video data at an average bit

rate of 4 Mbps, therefore, the read speed of the optical disk
119 must be set to at least 2*4 Mbps=8 Mbps.

In addition, since the single optical head 118 1s used, and
the positions of the first and second recording areas 131 and
132 on the optical disk 119 are not necessarily the same, an
access fime 1s required to switch between reads from the
recording arcas 131 and 132. Assume that a read operation
1s performed by repeating the following time-divisional
sequence: “read of first digital video data from first record-
ing areca 1317 —“access from first recording arca 131 to
second recording area 132”—*read of second digital video
data from second recording area 132”—*access from second
recording area 132 to first recording area 131”. In this case,
two accesses are performed 1n one time-divisional sequence.
In a read operation, therefore, the digital video data to be
read 1n an average read time of 0.5 sec, during which digital
video data 1s read from the optical disk 119, and the time
taken for two accesses must be stored in a corresponding
buffer memory 1n this read time.

Referring to FIGS. 10A and 10B, the average read time
required for the first digital video data per read operation 1s
about 0.5 sec, and the average read time for the second
digital video data 1s also 0.5 sec. The average access time 1s
0.25 sec. It therefore suflices if the read speed of the optical
disk 119 1s (0.5+0.542*0.25)*4 Mbps/0.5 sec=12 Mbps or
more. In this case, 4 Mbps corresponds to the read speed
increase required for two accesses. In this embodiment, the

read/read speed of the optical disk 119 1s 12 Mbps, which
satisfies this condition.

The buffer memory capacity required 1n the present
invention will be described next.

The capacity required for the first buffer memory 114 1s
obtained by multiplying the sum of two times the maximum
access time S (the time required for the optical head 118 to
reciprocate between the first recording area 131 and the
second recording area 132) and an average read time T2 for
the second digital video data by the average transfer rate of
digital video data. That is, the required capacity is (2S+T12)
*A bits or more. In this case, the required capacity 1s

(2*%0.2540.5)*4=4 Mbits or more.

Similarly, the capacity required for the second bufler
memory 1135 1s obtained by multiplying the sum of two times
the maximum access time (the time required for the optical
head 118 to reciprocate between the second recording arca
132 and the first recording area 131) and an average read
time T1 for the first digital video data by the average transfer
rate of digital video data. That 1s, the required capacity is

(2S+T1)*A bits or more. In this case, the required capacity
is (2*0.2540.5)*4=4 Mbits or more.

A total buffer memory capacity of 8 Mbits or more 1s
therefore required for the first and second buifer memories
114 and 115. In this embodiment, since each of the first and
second buffer memories 114 and 115 has a capacity of 6
Mbits, the total capacity 1s 12 Mbits. Hence, this condition
1s satisfied.

Referring to FIGS. 10A and 10B, however, a maximum of
only 4 Mbits of each of the first and second buifer memories
114 and 115 are used. That 1s, a capacity of 4 Mbits 1s
sufficient for each memory buffer. The capacity of each of
the buifer memories 114 and 115 can therefore be reduced to
4 Mbits by some techniques concerning memory control.

Assume that the above conditions for the read speed of the
optical disk 119 and the buffer memory capacity are satis-
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fied. In this case, 1n the reproduction system for the first
digital video data, the first digital video data to be output to
the MPEG decoder 120 1s stored 1n advance 1n the first buffer
memory 114 1n an average read time of 0.5 sec for data from
the optical disk 119 while the optical head 118 is moved (for
access) from the first recording area 131 to the second
recording area 132 to read the second digital video data in
an average time of 0.5 sec, and the optical head 118 1s moved
from the second recording area 132 to a radial position of the
first recording arca 131, from which data 1s to be continu-
ously read. When the optical head 118 1s moved for access,
and the second digital video data 1s read from the optical
disk 119, this reproduction system reads out digital video
data from the first buffer memory 114 and outputs 1t to the
MPEG decoder 120, thereby reading images based on the
first digital video data without any interruption.

In the reproduction system for the second digital video
data, the second digital video data to be output to the MPEG
decoder 121 1s stored 1n advance in the second buffer
memory 111 1n an average read time of 0.5 sec for data from
the optical disk 119 while the optical head 118 is moved (for
access) from the second recording area 132 to the first
recording area 131 to read the first digital video data 1n an
average time of 0.5 sec, and the optical head 118 1s moved
from the first recording area 131 to a radial position of the
second recording arca 132, from which data 1s to be con-
tinuously read. When the optical head 118 1s moved for
access, and the first digital video data 1s read from the optical
disk 119, this reproduction system reads out digital video
data from the second buffer memory 115 and outputs it to the
MPEG decoder 121, thereby reading images based on the
second digital video data without any interruption.

With this operation, the first and second digital video data
can be simultaneously read from the first and second record-
ing arecas 131 and 132 at different radial positions on the
optical disk 119 by using one optical head 118.

In this embodiment, as shown 1n FIG. 11, a display screen
140 of the monitor 122 1s divided 1nto two areas, in which
a read 1mage 141 based on the first digital video data and a
read image 141 based on the second digital video data are
separately and simultaneously displayed, thereby allowing
the user to simultaneously monitor the two-channel read

images 141 and 142.

When this monitor display 1s to be performed, in this
embodiment, the first and second digital video data read out
from the buffer memories 114 and 115 are decompressed by
the MPEG decoders 120 and 121 first, and then are output
to the monitor 122. If, however, the input video signals are
analog signals, the signals may be directly input to the
monitor 122 without the mediacy of the MPEG encoders 112
and 122, the digital video input sections 113 and 123, and the
MPEG decoders 120 and 121.

If, for example, address information written in the optical
disk 119 cannot be read, the optical head 118 cannot be
moved, 1.€., sought, from a given recording area to another
recording area on the optical disk 119. When such a seek
failure occurs, the video disk apparatus of this embodiment
repeats the.seek up to a predetermined number of retries.
Letting A (bps) be the bit rate of digital video data, S (sec)
be the maximum access time for the optical disk 119 (the
time obtained by adding the time required for one revolution
of the optical disk 119 to the seek time required for the
optical head 118 to move from the innermost circumference
to the outermost circumference of the optical disk 119), and
N be the maximum number of retries upon occurrence of a
seek failure, the maximum seek time is set to (N+1)*S sec
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to estimate the read speed of the optical disk 119 and the
capacities of the buffer memories 114 and 115 1n consider-
ation of retries upon occurrence of this seek failure.

If, therefore, the read speeds for the first and second
digital video data are (T1+12+2*S*(N+1))*A/T1 bps or

more and (T1+T2+2*S*(N+1))*A/T2 bps or more,

respectwely, and the total storage capacity of the bufler
memories 114 and 115 is (4*S*(N+1)+T1+T2)*A bits or
more, the digital video data as re-seek targets can be stored
1n the buffer memories 114 and 115 even 1n the process of
retrying seeking of the optical head 118, thereby allowing
the digital video data to be read without any interruption.

In the above embodiment, the two-channel digital video
data are simultaneously read. A case wherein three-channel
digital video data are simultaneously read will be described
next.

FIG. 12 shows changes 1n the digital video data in the
buffer memories corresponding to the respective video
images with time 1n the process of simultaneously reading
the three video images. The three buifer memories are
prepared for the respective video 1mages. In addition, the

average bit rate of the video data 1s set to A=4 Mbits/s; the
maximum access time, S=0.2 sec; and T1=T2=T3, 0.6 sec.

The read speed required to stmultaneously read the three
video images is (T1+T2+T3+43*S) A/T1=16 Mbits/s or
more. The capacity required for each bufler memory 1is
(3*S+T1+T2)*A=7.2 Mbits. The total required capacity of
three buffer memories 1, 2, and 3 1s 7.2*3=21.6 Mbits. These
three bulfer memories 1, 2, and 3 respectively correspond to
video 1mages 1, 2, and 3.

(0) In the first 0.6-sec interval, video data 1 is read out
from buffer 1 at a rate of 4 Mbits/s while video data 1 1s read
from the disk mto buffer 1 at a rate of 16 Mbits/s. The
amount of data in buffer 1 therefore becomes (16-4)*0.6=
7.2 Mbits.

Since no data 1s read from the disk into buffers 2 and 3,
the amounts of data in these buffers remain O bit.

(1) In the next 0.2-sec interval, a seek is performed from
the reproduction area for video data 1 to the reproduction
arca for video data 2. Video data 1 1s read out from buifer 1
at a rate of 4 Mbits/s, and the amount of data in buffer 1

becomes 7.2 Mbits 4 Mbits/s*0.2=6.4 Mbits. The amounts
of data 1n bufters 2 and 3 remain zero.

(2) In the next 0.6-sec interval, video data 2 is read out
from buffer 2 at a rate of 4 Mbaits/s while video data 2 1s read
from the disk into buffer 2 at a rate of 16 Mbaits/s. The
amount of data in buffer 2 therefore becomes (16-4)*0.6=
7.2 Mbits. Meanwhile, video data 1 1s read out from buffer
1 at a rate of 4 Mblts/s As a result, the amount of data 1n
buffer 1 becomes 6.4 Mbits—4 Mbits/s*0.6=4 Mbits. The

amount of data in butfer 3 remains zero.

(3) In the next initial 0.2-sec interval, a seek is performed
from the reproduction area for video data 2 to the reproduc-
tion area for video data 3. Video data 1 and 2 are read out
from buffers 1 and 2 at a rate of 4 Mbits/s. As a result, the
amount of data 1in buffer 1 becomes 4 Mbits—4 Mbits/s*0.2=
3.2 Mbuts, and the amount of data in buffer 2 becomes 7.2
Mbits—4 Mbits/s*0.2=6.4 Mbits.

(4) In the next 0.6-sec interval, video data 3 is read out
from buffer 3 at a rate of 4 Mbats/s while video data 3 1s read
from the disk into buffer 3 at a rate of 16 Mbats/s. The
amount of data in buffer 3 therefore becomes (16-4)*0.6=
7.2 Mbits. Meanwhile, video data 1 and 2 are read out from
buffers 1 and 2 at a rate of 4 Mbits/s. As a result, the amount
of data 1in buffer 1 becomes 3.2 Mbits 4 Mbits/s*0.6=0.8
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Mbits, and the amount of data 1n buffer 2 becomes 6.4
Mbits—4 Mbits/s*0.6=4 Mbits.

(5) In the next initial 0.5-sec interval, a seek 1s performed
from the reproduction area for video data 3 to the reproduc-
tion area for video data 1. Video data 1, 2, and 3 are

respectively read out from buffers 1, 2, and 3 at a rate of 4
Mbits/s. As a result, the amounts of data in buffers 1, 2, and

3 respectively become 0.8 Mbits—4 Mbaits/s*0.2=0 Mbit, 4

Mbits—4 Mbits/s*0.2=3.2 Mbits, and 7.2 Mbits—4 Mbits/
$*0.2=6.4 Mbiuts.

(6) In the next 0.6-sec interval, video data 1 is read out
from buffer 1 at a rate of 4 Mbits/s while video data 1 1s read
from the disk into buffer 1 at a rate of 16 Mbaits/s. The
amount of data in buffer 1 therefore becomes (16-4)*0.6=
7.2 Mbits. Meanwhile, video data 2 and 3 are respectively
read out from buffers 2 and 3 at a rate of 4 Mbits/s. As a
result, the amount of data in buffer 2 becomes 3.2 Mbits—4
Mbits/s*0.6=0.8 Mbits, and the amount of data in buffer 3
becomes 6.4 Mbits—4 Mbits/s*(0.6=4 Mbits.

(7) In the next initial 0.2-sec interval, a seek 1s performed
from the reproduction area for video data 1 to the reproduc-
tion area for video data 2. Video data 1, 2, and 3 are
respectively read out from buffers 1, 2, and 3 at a rate of 4
Mbits/s. As a result, the amounts of data in buffers 1, 2, and
3 respectively become 7.2 Mbits—4 Mbits/s*0.2=6.4 Mbits,
0.8 Mbits—4 Mbits/s*0.2=0 Mbit, and 4 Mbits—4 Mbits/
s*(.2=3.2 Mbits.

(8) In the next 0.6-sec interval, video data 2 is read out
from buffer 2 at a rate of 4 Mbits/s while video data 2 1s read
from the disk into buifer 2 at a rate of 16 Mbits/s. The
amount of data in buffer therefore becomes (16-4)*0.6=7.2
Mbits. Meanwhile, video data 1 and 3 are respectively read
out from buffers 1 and 3 at a rate of 4 Mbits/s. As a resullt,
the amounts of data 1n buffers 1 and 3 respectively become
6.4 Mbits—4 Mbits/s*0.6=4 Mbits and 3.2 Mbits—4 Mbits/
s*0.6=0.8 Mbits.

(10) In the next 0.6-sec interval, video data 3 is read out
from buffer 3 at a rate of 4 Mbits/s while video data 3 1s read
from the disk into buifer 3 at a rate of 16 Mbits/s. The
amount of data in buffer 3 therefore becomes (16-4)*0.6=
7.2 Mbits. Meanwhile, video data 1 and 2 are respectively
read out from buffers 1 and 2 at a rate of 4 Mbits/s. As a
result, the amounts of data in buffers 1 and 2 respectively
become 3.2 Mbits—-4 Mbits/s*0.6=0.8 Mbits and 6.4
Mbits—4 Mbits/s*0.6 4 Mbits. Subsequently, operations (5),
(6), (7), (8), (9), and (10) are repeated.

In the process of reading each video data from the disk,
in addition to video data corresponding to the read time,
video data to be read 1n the time taken for three accesses and
the time taken to read two remammg video data are read
from the disk and stored in the corresponding builer
memory. The digital video data to be read 1s read out from
the buffer memory in the interval during which three
accesses are made and two remaining video data are read
from the disk. By repeating these operations, the three
digital video data are continuously read from the disk
without any omission.

In addition, the conditions for the write/read speeds of a
recording medium and a buffer capacity in a case wherein a
maximum of N retries are performed upon occurrence of a
seck faillure may be set as follows when the maximum access
time S 1s (N+1S) sec. In both the process of simultaneously
writing three video data and the process of simultaneously

reading three video data, the first write speed 1s set to
(T1+T2+T343*S*(N+1))*A/T1 bps or more; the second

read speed, (T1+T2+T3+3*S*(N+1))*A/T2 bps or more;
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and the third read speed, (T1+T2+T3+3*S*(N+1))*A/T2
bps or more, and the total capacity of the read bufler
memories is set to (9*S*(N+1)+2*T1+2*T2+2*T3)* A bits
Or more.

In the above embodiment, two- and three-channel digital
video data are simultaneously read from the disk. However,
the present mnvention can also be applied to a simultaneous
read of n-channel (n>3) digital video data.

In this case, n-channel digital video data are read from n
recording areas located at different radial positions on an
optical disk at T-sec intervals. Since n T-sec reads and n
seeks (accesses) are performed in one time-divisional
sequence, the required read speed 1s (n*T+nS)*A/T bps or

more, and the required buffer memory capacity is (n*nS+
nT)*A bits or more. As is obvious from the gist of the
present mnvention, mput n-channel digital video data can be
read without any interruption under these conditions.

In the above simultaneous write of three video data and
the above simultaneous read of three video data, the same
write/read and buffer memory conditions are set. This means
that a stmultaneous read of three video data and a simulta-
neous write of three video data can be combined. A simul-
tancous write/read 1s disclosed in detail in Japanese Patent
Application No. 9-66370. By applying this technique to the
present mvention, a simultaneous write/read operation can
be performed by an arbitrary combination of a read of the
video data and a write of three video data.

A write/read of m video data to which the present inven-
tion 1s applied will be described next.

Assume that the average bit rate of digital video data to be
written or read 1s A bits/s, and the maximum access time for
the optical disk (the time obtained by adding the time
required for one revolution of the optical disk to the seek
fime required for the write/read head to move from the
innermost circumference to the outermost circumierence of
the optical disk) 1s S sec. Consider a simultaneous write of
m video data first. To simultaneously write m digital video
data using one write/read head, the m video data must be
fime-divisionally written 1n the disk at a speed higher than
the average bit rate of the m digital video data. Video data
1, video data 2, . . ., video data m are written 1n the disk 1n
different time intervals. To process m video data, a write/
read speed of m™*A bits/s 1s required for the disk. In addition,
since the single optical head 1s used, and the positions of the
respective recording areas on the optical disk are not nec-
essarily the same, an access time 1s required to switch
between writes 1n the respective recording areas. Assume
that a write/read operation 1s performed by repeating the
following time-divisional sequence: “T1l-sec
write”—“access from recording arca 1 to recording arca 2 in
S sec”—=“T2-sec write”—“access from recordmg areca 2 to
record mg arca 3 1 S sec”—=“T3-sec write”—“access from
recording area 3 to recording areca 4 in S sec”—*“access from
recording areca m-1 to recording areca m 1in S sec”—“Tm-sec
write”—*“access from recording area m to recording are 1”.
In this case, m accesses are performed 1n one time-divisional

SCJUCNCC.

When the first video 1 image 1s to be written, therefore, the
digital video data input in (T1+T2+T3+. .. +Tm+m$S) SEC
1s written 1n the disk 1n T1 sec. Consequently, the write speed
for the first video image 1s (T1+T2+T3+ . . . +Tm+m™*S)

*A/T1 bps or more. Similarly, the write speed for the second
video image is (T1+T2+T3+ . . . +Tm+m*S)*A/T2 bps or

more; the write speed for the third video image, (T1+T2+

T3+ ... +Tm+m*S)*A/T3 bps or more, . . . ; and the write
speed for the mth video image, (T1+T2+1+ . . . +Tm+m*S)
*A/Tm bps or more.
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The required buffer memory capacity 1s the value
obtained by multiplying the sum of m times the access time
(the time required for the optical head to reciprocate
between recording area 1, recording area 2, recording area 3,

, recording area m) and the time required to write the
(m-1) remaining video images by the average transfer rate
of the video 1mages. The respective buller memory capaci-
ties required for the first to mth video images are: (m*S+
T24T3+ . . . +Tm)A bits or more for the first video image;
(m*S+T1+T3+T4+ . . . +Tm)* A bits or more for the second
video image; (m*S+T1+T2+T4+ . . . +4Tm)* A bits or more
for the third video 1mage; and (m*S+T1+T2+13+ . . .

+Tm-1)*A bits or more for the mth video 1image.

Atotal of (m*m*S+(m-1) (T1+T2+T3+ ... +Tm))*Abits
or more 1s required. If these conditions for the write/read
speed of the disk and the buffer capacities are satisfied, the
digital video 1mage to be written 1s stored 1n each buifer
memory while m accesses are made and (m-1) remaining
video 1mages are written 1n the disk. The video data 1n each
buffer memory 1s written 1n the disk in a corresponding write
interval. By repeating these operations, the transterred digi-
tal video data are continuously written in the optical disk

without any omission.

The above description concerns a write operation. As 1s
obvious, however, the conditions for the read speed of data
from the disk and the read buffer memories are the same as
those for the write operation.

In the process of reading each video data from the disk,
in addition to video data corresponding to the read time,
video data to be read 1n the time taken for m accesses and
the time taken to read (m-1) remammg video data are read
from the disk and stored in the correspondmg buifer
memory. The digital video data to be read 1s read out from
the bufler memory in the interval during which m accesses
are made and (m-1) remaining video data are read from the
disk. By repeating these operations, the m digital video data
are continuously read from the disk without any omission. In
addition, the conditions for the write/read speeds of a
recording medium and a buifer capacity in a case wherein a
maximum of N retries are performed upon occurrence of a
seck failure may be set as follows when the maximum access
time S 1s (N+1) sec. In both the process of simultaneously
writing three video data and the process of simultaneously
reading three video data, the first write speed 1s set to

(T1+4T2+T13+ ... +Tm+m*S*(N+1))*A/T1 bps or more; the
second read speed, (T1+T2+4+T3+ ... +Tm+m*S*(N+1))*A/
T2 bps or more; the third read speed, (T1+T2+T3+ . . .
+Tm+m*S*(N+1))*A/T3 bps or more, . . . ; the mth read
speed, (T1+T124T3+ . . . +Tm+m*S*(N+1))*A/T'm bps or
more, and the total capacity of the write buffer memories 1s
set to (M*m*S*(N+1)+(m-1)*(T1+T2+T3+ . . . +Tm)*A
bits or more.

In the above simultaneous write of m video data and the
above simultaneous read of m video data, the same write/
read and buffer memory conditions are set. This means that
a simultaneous read of three video data and a simultaneous
write of m video data can be combined. A simultaneous
write/read 1s disclosed in detail 1n Japanese Patent Applica-
tion No. 9-66370. By applying this technique to the present
invention, a simultaneous write/read operation can be per-
formed by an arbitrary combination of a read of the video

data and a write of m video data.

In this embodiment, semiconductor memories on different
chips may be used as the first and second buffer memories
114 and 115. Alternatively, a large-capacity semiconductor
memory on one chip may be divided into two address
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spaces, and the first and second digital video data may be
respectively stored 1n the two addresses spaces.

As described above, according to the present invention,
digital video data on a plurality of channels can be written
in one video disk apparatus without degrading image quality
by alternately and time-divisionally writing different digital
video data 1 a plurality of recording arcas located at
different radial positions on a disk-like recording medium
using a single write/read head.

More specifically, in the present invention, the write speed
of the recording medium 1s set to higher than the bit rate
obtained by adding the access time required for the write/
read head to reciprocate between the first and second record-
ing areas to the total bit rate of the first and second digital
video data. In addition, the recording system for the first
digital video data includes the first buffer memory having a
capacity enough to store the first digital video data input 1n
the 1nterval during which the second digital video data 1is
written and the write/read head reciprocates (accesses)
between the first and second recording areas. The recording,
system for the second digital video data includes the second
buffer memory having a capacity enough to store the second
digital video data mput in the interval during which the first
digital video data 1s written and the write/read head recip-
rocates (accesses) between the first and second recording
arcas. With this arrangement, the first and second digital
video data can be continuously and simultaneously written
in the recording medmum by the single write/read head
without any omission.

In the above embodiments, an optical disk is used as a
recording medium. However, the present invention can be
theoretically applied to any apparatus designed to write/read
data on/from a disk-like recording medium by using a
write/read head, e.g., a magnetic disk apparatus (hard disk
apparatus) or a floppy disk apparatus.

Additional advantages and modifications will readily
occur to those skilled 1n the art. Therefore, the invention 1n
its broader aspects 1s not limited to the specific details and
representative embodiments shown and described herein.
Accordingly, various modifications may be made without
departing from the spirit or scope of the general inventive
concept as defined 1n the appended claims and their equiva-
lents.

What 1s claimed 1s:

1. A disk apparatus using a disk-like recording medium
having a plurality of different recording arecas located at
different radial positions, comprising:

a head unit configured to write digital continuous data in
the disk-like recording medium;

a buiffer memory configured to temporarily store a plu-
rality of input digital continuous data; and

a control device configured to control the head unit and
buffer memory to time-divisionally write the plurality
of digital continuous data m the plurality of different
recording areas of the recording medium,
wherein said control device writes, while one group of
data of the digital continuous data 1s written 1n one
of the plurality of different recording areas at a write
speed not less than two times an average bit rate of
the 1nput digital continuous data and said head unit
1s accessing between the recording areas, another
ogroup of data of the digital continuous data in said
buffer memory, and

writes, 1n said buffer memory, said one group of data of
the digital continuous data input while said another
oroup of data of the digital continuous data that 1s
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stored 1n the buffer memory 1s read out therefrom and
written 1nto another one of the recording areas at a
write speed not less than two times an average bit
rate of the 1input digital continuous data and said head
unit 1s accessing between the recording areas.

2. An apparatus according to claim 1, wherein the digital
continuous data mcludes first and second digital video data,
sald recording medium includes first and second recording
arcas, and said control device performs write control by
setting a write speed for the first digital video data to not less
than (T1+T242*S)*A/T1 bps and a write speed for the
second digital video data to not less than (T1+T2+2*S)*A/
12 bps when an average write time per write of the first
digital video data 1s T1 sec 1n time-divisionally and alter-
nately writing the first and second digital video data 1n said
first and second recording areas, an average write time per
write of the second digital video data 1s T2 sec, a maximum
access time representing a time obtained by adding a time
required for one revolution of said recording medium to a
seck time required for said head unit to move from an
innermost circumference to an outermost circumierence of
said recording medium 1s S sec, and an average bit rate of
the first and second iput digital video data 1s A bps.

3. An apparatus according to claim 1, wherein the digital
continuous data mcludes first and second digital video data,
sald recording medium includes first and second recording
arcas, and said control device performs write control by
setting a total storage capacity of the bulfer memory to not
less than (4*S+T1+T12)*A bits when an average write time
per write of the first digital video data 1s T1 sec 1n time-
divisionally and alternately writing the first and second
digital video data 1n said first and second recording areas, an
average write time per write of the second digital video data
1s T2 sec, a maximum access time representing a time
obtained by adding a time required for one revolution of said
recording medium to a seek time required for said head unit
to move from an innermost circumference to an outermost
circumference of said recording medium 1s S sec, and an
average bit rate of the first and second mnput digital video
data 1s A bps.

4. An apparatus according to claim 1, wherein the digital
continuous data includes first and second digital video data,
sald recording medium includes first and second recording
arcas, and said control device performs write control by
setting a write speed for the first digital video data to not less
than (T1+T2+2*S*(N+1))*A/T1 bps, and a write speed for
the second digital video data to not less than (T1+T2+2*S*
(N+1))*A/T2 bps when an average write time per write of
the first digital video data 1s T1 sec 1n time-divisionally and
alternately writing the first and second digital video data 1n
said first and second recording areas, an average write time
per write of the second digital video data 1s T2 sec, a
maximum access time representing a time obtained by
adding a time required for one revolution of said recording,
medium to a seek time required for said head unit to move
from an innermost circumierence to an outermost circums-
ference of said recording medium is S sec, an average bit
rate of the first and second 1nput digital video data 1s A bps,
and a maximum number of retries upon occurrence of a seek
failure 1s N.

5. An apparatus according to claim 1, wherein the digital
continuous data mcludes first and second digital video data,
sald recording medium includes first and second recording
arcas, said buffer memory includes first and second buffer
memory areas for temporarily storing the first and second
digital video data, respectively, and said control device
performs write control by setting a total storage capacity of
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said first and second buffer memory areas to (4*S*(N+1)+
T1+T2)* A bits when an average write time per write of the
first digital video data 1s T1 sec 1n time-divisionally and
alternately writing the first and second digital video data 1n
said first and second recording areas, an average write time
per write of the second digital video data 1s T2 sec, a
maximum access time representing a time obtained by
adding a time required for one revolution of said recording
medium to a seek time required for said head unit to move
from an mmnermost circumierence to an outermost circums-
ference of said recording medium 1s S sec, an average bit
rate of the first and second 1nput digital video data 1s A bps,
and a maximum number of retries upon occurrence of a seek
failure 1s N.

6. An apparatus according to claim 1, further comprising
a display unit configured to simultaneously display the
plurality of digital continuous data written 1n said recording,
arcas as a plurality of images.

7. An apparatus according to claim 1, wherein the digital
continuous data includes first, second, and third digital video
data, said recording medium includes first, second, and third
recording areas, and said control device performs write
control by setting a write speed for the first digital video data
to not less than (T1+T2+T3+3*S)*A/T1 bps, a write speed
for the second digital video data to not less than (T1+T2+
T343*S)*A/T2 bps, a write speed for the third digital video
data to not less than (T1+T2+T3+3*S)*A/T3 bps when an
average write time per write of the first digital video data 1s
T1 sec, an average write time per write of the second digital
video data 1s T2 sec, an average write time per write of the
third digital video data 1s T3 sec, a maximum access time
representing a time obtained by adding a time required for
one revolution of said recording medium to a seek time
required for said head unit to move from an innermost
circumference to an outermost circumierence of said record-
ing medium 1s S sec, and an average bit rate of the 1nput
digital video data 1s A bps.

8. An apparatus according to claim 1, wherein said control
section performs write control by setting a write speed for
the first digital video data to not less than (T1+T2+13+3*S*
(N+1))*A/T1 bps, a write speed for the second digital video
data to not less than (T1+T2+T3+3*S*(N+1))*A/T2 bps,
and a write speed for the third digital video data to not less
than (T1+T2+T3+3*S*(N+1))*A/T3 bps when a maximum
number of retries upon occurrence of a seek failure 1s N.

9. A disk apparatus using a disk-like recording medium
having a plurality of different recording areas located at
different radial positions, comprising:

a head unit configured to read digital continuous data

from the disk-like recording medium;

a buiffer memory configured to temporarily store a plu-
rality of digital continuous data read from the plurality
of recording areas of said recording medium; and

a control device configured to control said head unit to
time-divisionally and alternately read the digital con-
tinuous data,
wherein said control device reads the digital continuous
data from one of said recording areas in advance at
a read speed not less than two times an average bit
rate of the digital continuous data and writes the data
in said buffer memory while one group of data of the
digital continuous data 1s read from said buffer
memory at the bit rate of the digital continuous data
and said head unit 1s accessing between said record-
ing areas, and

reads the digital continuous data from one of said
recording areas 1n advance at a read speed not less
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than two times the average bit rate of the digital
continuous data and writes the data in said buffer
memory while another group of data of the digital
continuous data 1s read from said buifer memory at

the bit rate of the digital continuous data and said

head unit 1s accessing between said recording areas.

10. An apparatus according to claim 9, wherein the digital
continuous data mcludes first and second digital video data,
sald recording medium includes first and second recording
arcas, and said control device performs read control by

setting a read speed for the first digital video data to not less
than (T1+1242*S)*A/T1 bps, and a read speed for the

second digital video data to not less than (T1+T2+2*S)*A/
12 bps when an average read time per read of the first digital
video data 1s T1 sec m time-divisionally and alternately
reading the first and second digital video data from said first
and second recording areas, an average read time per read of
the second digital video data 1s T2 sec, a maximum access
fime representing a time obtained by adding a time required
for one revolution of said recording medium to a seek time
required for said head unit to move from an 1nnermost
circumference to an outermost circumierence of said record-
ing medium 1s S sec, and an average bit rate of the first and
second 1nput digital video data 1s A bps.

11. An apparatus according to claim 9, wherein the digital
continuous data includes first and second digital video data,
sald recording medium includes first and second recording
arcas, and said control device performs read control by
setting a total storage capacity of said buifer memory to not
less than (4*S+T1+12)*A bits when an average read time
per read of the first digital video data 1s T1 sec 1n time-
divisionally and alternately reading the first and second
digital video data from said first and second recording areas,
an average read time per read of the second digital video
data 1s T2 sec, a maximum access time representing a time
obtained by adding a time required for one revolution of said
recording medium to a seek time required for said head unit
to move from an innermost circumference to an outermost
circumference of said recording medium 1s S sec, and an
average bit rate of the first and second mput digital video
data 1s A bps.

12. An apparatus according to claim 9, wherein the digital
continuous data includes first and second digital video data,
sald recording medium includes first and second recording
arcas, and said control device performs read control by
setting a read speed for the first digital video data to not less
than (T1+T242*S*(N+1))*A/T1 bps, and a read speed for
the second digital video data to not less than (T1+T2+2*S*
(N+1))*A/T2 bps when an average read time per read of the
first digital video data 1s T1 sec 1n time-divisionally and
alternately reading the first and second digital video data
from said first and second recording areas, an average read
time per read of the second digital video data 1s T2 sec, a
maximum access time representing a time obtained by
adding a time required for one revolution of said recording,
medium to a seek time required for said head unit to move
from an innermost circumierence to an outermost circums-
ference of said recording medium is S sec, an average bit
rate of the first and second input digital video data 1s A bps,
and a maximum number of retries upon occurrence of a seek
failure 1s N.

13. An apparatus according to claim 9, wherein the digital
continuous data mncludes first and second digital video data,
sald recording medium includes first and second recording
arcas, and said control device performs read control by
setting a total storage capacity of said buffer memory to

(4*S*(N+1)+T1+12)* A bits when an average read time per
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read of the first digital video data 1s Tl sec 1 time-
divisionally and alternately reading the first and second
digital video data from said first and second recording areas,
an average read time per read of the second digital video
data 1s T2 sec, a maximum access time representing a time
obtained by adding a time required for one revolution of said
recording medium to a seek time required for said head unit
fo move from an 1mnermost circumference to an outermost
circumference of said recording medium 1s S sec, an average
bit rate of the first and second 1nput digital video data 1s A
bps, and a maximum number of retries upon occurrence of
a seek failure 1s N.

14. An apparatus according to claim 9, further comprising
a display unit configured to simultaneously display the
plurality of digital continuous data read from said recording,
arcas as a plurality of 1images.

15. An apparatus according to claim 9, wherein the digital
continuous data includes first, second, and third digital video
data, said recording medium includes first, second, and third
recording areas, and said control device performs read
control by setting a read speed for the first digital video data
to not less than (T1+T2+T3+3*S)*A/T1 bps, a read speed
for the second digital video data to not less than (T1+T2+
T3+3*S)*A/T2 bps, a read speed for the third digital video
data to not less than (T1+12+T3+3*S)*A/T3 bps when an
average read time per read of the first digital video datai1s T1
sec, an average read time per read of the second digital video
data 1s T2 sec, an average read time per read of the third
digital video data 1s T3 sec, a maximum access time repre-
senting a time obtained by adding a time required for one
revolution of said recording medium to a seek time required
for said head unit to move from an mnermost circumierence
to an outermost circumierence of said recording medium 1s
S sec, and an average bit rate of the input digital video data
1s A bps.

16. An apparatus according to claim 9, wherein said
control device performs read control by setting a read speed
for the first digital video data to not less than (T1+T2+T3+
3*S*(N+1))*A/T1 bps, a read speed for the second digital
video data to not less than (T1+T2+T3+3*S*(N+1))*A/T2
bps, and a read speed for the third digital video data to not
less than (T1+T2+T3+4+3*S*(N+1))*A/T3 bps when a maxi-
mum number of retries upon occurrence of a seek failure 1s
N.

17. An apparatus according to claim 9, wherein the digital
continuous data includes first, second, and third digital video
data, said recording medium includes first, second, and third
recording areas, said bufler memory includes {first, second,
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and third buffer memory areas configured to temporarily
store the first, second, and third digital video data,
respectively, and said control section performs read control
by setting a total capacity of said first, second, and third
buffer memory areas to not less than (9*S+2*T1+4+2*T2+
2*T3)* A bits when an average read time per read of the first
digital video data 1s T1 sec, an average read time per read of
the second digital video data 1s T2 sec, an average read time
per read of the third digital video data 1s 13 sec, a maximum
access time representing a time obtained by adding a time
required for one revolution of said recording medium to a
seck time required for said head unit to move from an
innermost circumference to an outermost circumierence of
said recording medium 1s S sec, and an average bit rate of
the 1nput digital video data 1s A bps.

18. An apparatus according to claim 17, wherein the total
capacity of said first, second, and third buffer memory arcas

is set to not less than (9*S*(N+1)+2*T14+2*T2+2*T3)*A

bits when a maximum number of retries upon occurrence of
a seek failure 1s N.

19. An apparatus according to claim 9, wherein the digital
continuous data includes first, second, and third digital video
data, said recording medium includes first, second, and third
recording areas, said buffer memory includes first, second,
and third buffer memory areas configured to temporarily
store the first, second, and third digital video data,
respectively, and said control section performs read control
by setting a total capacity of said first, second, and third
buffer memory areas to not less than (9*S+2*T1+2*T2+
2*T3)* A bits when an average read time per read of the first
digital video data 1s T1 sec, an average read time per read of
the second digital video data 1s T2 sec, an average read time
per read of the third digital video data 1s T3 sec, a maximum
access time representing a time obtained by adding a time
required for one revolution of said recording medium to a
seck time required for said head unit to move from an
innermost circumference to an outermost circumierence of
said recording medium 1s S sec, and an average bit rate of
the 1nput digital video data 1s A bps.

20. An apparatus according to claim 19, wherein said
control section performs read control by setting the total
capacity of said first, second, and third buffer memory areas
to not less than (9*S*(N+1)+2*T1+2*T2+2*T3)*A bits
when a maximum number of retries upon occurrence of a
seek failure 1s N.
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